Accurate and timely measures of cross-country real incomes are still a rarity. As the share of expenditure devoted to food is readily available, we use of Engel's law in reciprocal form to measure affluence. Analysis of real income data for the OECD countries indicates that this approach is viable.
1. Introduction
Economists' fascination with international income differences must go back to at least 1776 with Adam Smith's The Wealth of Nations. The most popular approach to measuring incomes in different countries is to use the purchasing-power-parity based estimates of the Penn Table. As market exchange rates are volatile, and are known to reflect the prices of nontraded goods (especially services) less than adequately, the PPP method is a substantial improvement over older approaches that make currency conversions on the basis of market exchange rates. However, the disadvantage of PPP is that as numerous matched goods and services have to be priced in many countries, it is demanding in its data requirements, so that PPP estimates can be subject to long publication delays. This paper investigates a short-cut method of measuring real incomes across countries.
Engel's law states that food has an income elasticity of less than unity, or equivalently, the share of food in the consumption basket declines with income. We use Engel's law in reciprocal form by inferring income from the value of the food share. Such an approach is consistent with Engel (1857, pp. 28-29) who writes "The poorer a family, the greater the proportion of its total expenditure that must be devoted to the provision of food", and then goes on to argue that the richer a country, the smaller the food share (Stigler, 1954) . This approach has several advantages: First, as the food share is dimensionless, it can be compared across time, regions and countries, without any adjustment for differing currency values. Second, the food share is objective, not subject to great controversy and readily available for many time periods in a large number of countries. Third, the link between the food share and income as enshrined in Engel's law is well established and arguably the most widely-accepted empirical regularity in all economics. Finally, as the approach uses just one share and two parameters to make inferences regarding incomes, it is attractive in its simplicity. We analyse jointly the determinants of all elements in the consumption basket and embed Engel's law in a system-wide demand model, thereby allowing for the dependence of food share on relative prices (in addition to income). The food share, adjusted for differing relative price structures across countries, is then used to infer income.
While the basic idea of employing the food share as an inverse measure of welfare has been used by others (see, e. g., Orshansky, 1965 , Van Praag et al., 1982 , Rao, 1981 , it seems that the approach of including food in a microeconomic demand model, and then using the price-adjusted share as the basis for inferring income, has been relatively unexplored, especially in a cross-country context. Chua (2003) made a preliminary investigation of estimating "true income" in different countries from information on the food share, but did not allow for international differences in relative prices. For related studies that deal with the CPI bias and economic performance in the US, see Costa (2001) , Hamilton (2001) and Nakamura (1996) .
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It is also appropriate to mention two other short-cut approaches proposed in the early literature for countries (or regions) that do not have reliable information of real incomes. The first is the use of "nonmonetary factors" such as calories consumed, infant mortality, the number of physicians, etc. Countries are ranked according to each factor, and these rankings are then averaged to yield an overall index (Bennett, 1951) . The problem with this approach is that the equal weighting of indicators has no economic justification (Beckerman and Bacon, 1966) . The second approach is to estimate income on the basis of easily-observed physical indicators such as the consumption of steel, energy, electricity, cement, etc. (see, e. g., Beckerman and Bacon, 1966 , Erlich, 1969 , and Janossy, 1963 . The basic idea lying behind this approach is a type of reciprocal demand relation that excludes the usual relative price term. For those countries that have all the required data, income is regressed on the consumption variable and then the estimated relationship is extrapolated to yield income estimates for other countries.
2 Heston (1973) is critical of this approach as it tends to (i) give rise to large errors for low-income countries, those countries least-well endowed with realincome information; and (ii) gives rise to too little dispersion of the cross-country income distribution. On the other hand, Barlow's (1977) results are more favourable to the physical indicator approach.
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The next two sections of the paper set out the basic analytical relationships between food consumption, income and prices. In Sections 4 and 5 these relationships are embedded in a system-wide demand model, which is then essentially inverted to solve for income. This leads in Section 6 to what we call "stochastic cross-country income comparisons" in the form of probability distributions that compare incomes for each country pair. These distributions reflect the uncertainty inherent in at all steps of the analysis, in the food share, the estimated parameters and incomes. Concluding comments are given in Section 7.
Consumption, Income and Prices
In this section, we set out the dependence of consumption on income and prices. As this material is well-known, the presentation will be brief. For more details, see, e. g., Theil (1975 Theil ( /76, 1980 or Theil and Clements (1987) .M, p , , p = … , or using a circumflex (" ") to denote a proportional change (so that x dx x = ), 2 Variations of this theme are provided by Duggar (1969) , who uses money holdings instead of consumption variables, and Sahn and Stifel (2003) , who use the stock of consumer durables. 3 It is also worth mentioning that in the fields of economic history and economic development the link between stature and real incomes, and the degree to which the former can be inferred from the latter, has been studied; for a survey, see Steckel (1995) . 
If the n commodities are broad aggregates, it would be likely that there would only be limited substitutability between them. We thus take the utility function to be of the preference independent form, ( ) ( )
, with ( ) i u i the sub-utility function for good i, so that the marginal utility of i depends only on own consumption. This form of tastes implies that as an approximation, own-price elasticties are proportional to income elasticities and cross-price elasticities are zero,
where φ is the reciprocal of the income elasticity of the marginal utility of income (the "income flexibility" for short). Equations (3) and (4) then imply
which shows the dependence of the budget share on income and the relative price of the good. The two parameters in equation (5) are the income elasticity and the income flexibility.
Income and Food
On the basis of the budget shares, in most countries food is the most important single commodity.
Thus, in what follows we concentrate on this commodity. In this section, we analyse the relationship 4 between food consumption and income, and defer a discussion of the role of its relative price until the next section.
We apply equation (5) Table   2 , where countries are ordered in terms of decreasing affluence in the rows and increasing affluence in the columns. Thus, for example, moving from left to right along the first row, we compare the food budget share of Luxembourg with poorer countries that become successively less poor: The share for Turkey is 17 points above Luxembourg's, Macedonia's 22 above, etc. As the diagonal elements of this table would be all zero, these elements are suppressed. But as we move further away from where the diagonal would have been, in a north-westerly direction, countries differ more on the income scale and the budget shares differ by more. With only a few exceptions, for each pairwise comparison, the share in the poorer country is greater than that in the richer country, which is a reflection of Engel's law. Table 3 gives the corresponding matrix comparisons of incomes, which for short we write as w w w ∆ = − . These ratios can be interpreted as "readings" on the coefficient β in equation (6). Figure 1 shows that while there are a few outliers (associated with near zeros in the denominators for countries having very similar incomes), the distribution has a reasonable well defined median of about -0.13. This result is confirmed by the corresponding scatter of Figure 2 . When 0.13 β = − , a country that is 50 percent richer than another has a 5 food budget share about 5 percentage points lower. If we only used information on the food share, we could employ this relationship in reciprocal form whereby ( ) ab ab log Q 1 w ∆ = β ∆ to make inferences regarding income differences. In Section 5 we extend this basic relationship to allow for the role of differences in relative prices, and demonstrate the importance of allowing for the impact of this additional factor.
Before concluding this section, it is worthwhile noting that by integration, equation (6) 
Modelling the Consumption Basket
As indicated by equation (5), the change in the budget share of good i is related to the change in income and under the assumption of preference independence, the change in the relative price of the good.
The parameters in this relationship are the income elasticity and the income flexibility. To efficiently estimate these parameters, we need to consider the demand for all n goods simultaneously by jointly modeling the determinants of the consumption basket. There are a number of alternative models that could be used for this purpose including the linear expenditure system, the almost ideal demand model, the translog, etc. We choose the Florida model (Theil et al., 1989) as it is probably the most extensively applied and assessed in a cross-country context.
In this section, we reinstate the commodity subscript i = 1,…,n, and denote countries by c = 1,…,C.
The Florida model is based on Working's model, 
Columns 6-11 of Table 5 summarise the results in the form of the mean, RMSE and RMASE for each parameter. As can be seen, all estimates are unbiased, while the asymptotic standard errors tend to understate the sampling variability of the estimates, but not by a huge amount.
Simulating Income
In this section we draw inferences on cross-country incomes from the behavour of the food budget share after controlling the influence of the relative price. As before, we concentrate exclusively on food and drop the commodity subscript.
We return to equation (5) and write it as ( ) ( )
where Q is the change in income, ŵ the change in the food budget share, η is the income elasticity of food, φ is the income flexibility, p P − is the change in the relative price of food, and where we have ignored the approximation error. This equation says that the change in income is equal to the difference between a term involving the change in the food share and a term that adjusts for the change in the relative price of food. To apply equation (5 ) ′ to countries a and b, we could express it as
ab ab 1 log p p log P P log w w Q (5 ) log , Q 1 1
1 2 η = η + η is the average of the income elasticity of food in the two countries. To allow for uncertainty in the budget shares and the elasticities of equation (5 ) ′′ , we embed it in the Monte Carlo simulation described above and define the base country as the geometric mean of the 42 countries which now plays the role of country b. Thus write the realisation at trial s as
where an asterisk ( ) * denotes the geometric mean over the 42 countries and
1 2 * * η = η + η is the average of the income elasticity in a and the base country in trial s.
The experiment yields 1,000 values of the right-hand side of equation (5 ) ′′′ for a 1, , 42 = … countries, which are summarised in Table 6 . Take the case of Luxembourg as an example. According to the 8 first entry of column 2, this country's observed income is about 87 percent greater than the average country.
On the basis of the mean of the 1,000 trials of the adjusted food shares (column 3), Luxembourg is estimated to be 63 percent richer than average, so that its income is underestimated by about 24 percent. While this error is substantial, for all countries other than Luxembourg, the USA, Malta and Russia the errors are much smaller, mostly in the range 5 ± percent; the average error is 0.3 percent, while the average absolute error is 4.2 percent. The closeness of the observed and simulated income is confirmed more formally in Figure 4 which shows that in a regression of actual on predicted, c c actual predicted = κ + λ ⋅ , we are unable to reject the unbiassedness hypothesis whereby 0, 1 κ = λ = . Figure 5 provides a plot of the observed and simulated income differences for each pair of countries. While the simulated "income mountain" is a bit more uneven than its observed counterpart, in general, the two shapes match quite well. Interestingly, a distinct local peak occurs for comparisons between Malta and its neighbours; in addition to being mentioned above, this country distinguishes itself as being an outlier in Figure 2 . A measure of the underlying uncertainty of simulated income is given by the standard deviation of its 1,000 values. As can be seen from column 4 of Table 6 , the standard deviations are of the order of 20 percent. More will be said about the uncertainty of incomes in the next section.
Next, we use equation (5 ) ′′′ to decompose simulated income into two components,
where the components for country a in trial s are
1 log p p log P P log w w food share , relative price 1 1
Column 7 of Table 6 reveals that with a couple of exceptions, the relative price component increases as income falls, reflecting that on average food is relatively more expensive in poorer countries. In most cases, this component is substantial, accounting for about 30 percent of the income differences on average, so that ignoring it would lead to serious distortion. The dependence of simulated income on the relative price of food is given by the term ( ) ( ) 1 * φ η + . It is reasonable to expect the income flexibility to be a negative fraction and the food income elasticity to be a positive fraction, so it is likely that ( ) (s) a (s) 1 0 * φ η + > . In this case, the direct impact of an increase in the relative food price in increasing its budget share dominates the substitution effect (which decreases the share), so the net effect is for the food share to increase with its price. Consequently, ignoring the rise in food prices for poorer countries fails to exclude this part of the 9 higher share, so that in effect we over estimate the food share and under estimate income in those countries.
The opposite is true for rich countries, where food is cheaper. Figure 6 plots the income differences against countries and reveals that the curve with no adjustment for prices is mostly steeper than that for when prices are held constant, so that the neglect of prices overstates the dispersion of income. Additionally, the adjustment for prices smoothes out most of the sharp spikes in the income differences.
Stochastic Income Comparisons
The income comparisons provided by equation (5 ) ′′′ involve two elements of uncertainty, viz., (i) the budget shares are random due to the error term in the demand model, and (ii) the estimation procedure leads
to elasticity values that are also random. In this section, we show how the incorporation of this randomness enriches the analysis of cross-country income comparisons.
We start with a summary picture by combining on the basis of income the 42 countries into 6 groups each comprising 7 members, as indicated by the grid lines of Table 1 . Denote these groups by G=1,…,6 and order them in terms of increasing average income. If G S denotes the set of countries in group G, then in trial s the average income in this group is
log Q Q log Q Q log Q Q * * = − , and Figure 7 contains for all pairs of groups, histograms of relative incomes for the s = 1,…,1,000 trials. Consider the first row, which refers to the richest group of countries. As we move from left to right along this row, we compare income in this group to those of other groups that become successively less poor; in other words, this move involves comparing groups that become closer together on the income scale. Thus, as expected, the centres of gravity of the histograms move in the direction of zero along the journey from left to right. The same pattern applies to the other four rows of the figure, as well as to the five columns, for the same reason. Note also that visually the dispersion of the 15 histograms seems to be more or less the same.
The above impression of similar dispersion is confirmed by the standard deviations given in Table 7 , which lies in the modest range of 8-10 percent. This table also contains the mean of each income-difference distribution and for all pairs, the probability that income in a richer group is greater than that in a poorer country. These probabilities reflect the uncertainty of this approach to income comparisons, and convey useful information about the precision of the ranking of countries. The last element in each "probability column" of the table refers to adjacent countries on the income scale, and tells us the probability that the ostensibly richer country is more affluent than its poorer neighbour. These probabilities are as follows: As the probability that group 1 is richer than group 2 is 83 percent, while that between the bottom two is 100 percent, we can say that the first two groups are less distinct on the income scale than the last two. In fact, as the probabilities in the last column above always increase as we move from the top to the bottom, there is a systematic tendency for the contrast between the poorer groups to be more distinct than that between the richer. But as the probabilities are all reasonably high, at the country-group level of aggregation, it is fair to say that there is not a great deal of stochastic overlap between groups.
Next, we descend from high-level income comparisons involving groups and consider more detail by applying the same approach to individual countries. We compare the distribution of income in richer country a with that in a poorer country b by means of the probability ( )
When this probability is near one, there is little overlap in the income distributions of the two countries, so they are more distinct on the income scale. Figure 8 plots these probabilities for all pairs of countries. The one-step-removed diagonal elements of this figure refer to comparisons of adjacent countries, and the probability of income differences among these pairs is of the order of one-half. Thus, in contrast to the result for groups, this shows that these countries are not really distinct at all. In other words, as the precise ranking of individual countries is not too reliable, for purposes of income comparisons it makes more sense to locate countries in broad groups.
As countries become more distant from each other, the probability of income differences rises. In Figure 8 , as we move away from the diagonal (which compares neighbouring countries), and travel in a northerly or westerly direction, or any linear combination thereof, we encounter pairs of countries more distant on the income scale. There is a distinct tendency for the probability surface in the figure to increase with such a move, which reflects that incomes are more likely to differ the greater the distance between countries, or the more "exotic" or "foreign" they are. This idea is perused in Table 8 which tabulates the probability of income differences by the distance separating countries, with distance interpreted as the difference in the income ranking. As can be seen, according to both the marginal and cumulative probability concepts, as the distance between countries increases so does the probability that they have different incomes. Surprisingly, the probability of income differences jumps the most in moving to immediately 11 adjacent countries; e. g., from column 2 of jumps from 0 to 0.6 as the band width increases from x=0 (same countries) to x=1 (neighbouring countries).
Concluding Comments
This paper has reconsidered the old, but fundamental problem of measuring the wealth of nations.
We argued that the share of total consumption expenditure devoted to food (the food budget share) has several attractive features as an inverse measure of affluence. As it is a pure number that is independent of the price level and currency units, it is readily compared across time and countries. Additionally, fairly reliable information on the food budget share is available in most countries. Finally, the relation between this share and income is one of the most studied in economics and is enshrined in Engel's law. We demonstrated that once differences in food prices are allowed for, the food budget share provides a method of estimating incomes across countries that is a viable alternative to that provided by the PPP measures of the International
Comparisons Project of the World Bank. Our approach offers estimates of international incomes that are more timely than the alternatives and can even serve as an independent check on them.
Our rule for measuring international income differences is given by equation ( log w w 1 log p P log p P   ∆ = φη + −   is the change in the log ratio of the shares on account of the different relative food prices, and φ is the income flexibility (the reciprocal of the income elasticity of the marginal utility of the income). Thus as our measure of income differences just depends on two basic elements:
• The food budget shares and prices in the two countries, which are readily observable.
• Two parameters, the food income elasticity and the income flexibility, for which many estimates are available.
The workings of this rule can be illustrated with two very different countries, a = Romania (to be Table 9 . The results of Table 5 imply that the average food income elasticity is 0.4, while the income flexibility is -0.8. When these parameters are used to adjust for the higher food prices in Romania, the ratio of shares falls from 2.72 to 2.35, as shown in the first entry of column 3 of which the budget shares can be derived. These are given in Table A1 . Here countries are ranked in terms of decreasing per capita affluence as measured by the volume of total consumption, which is described below.
The second entry in column 2 of These data are given in columns 2-13 of Table A3 , while column 14 gives the total volume of consumption c Q , as defined by equation (A2).
Next, consider a budget-share weighted geometric average of the PPP prices in country c. In Tables A1 and A2 to define the relative prices of the 12 goods in the 42 countries, and the results, in logarithmic form, are contained in Table A4 .
It is clear that the (logarithmic) PPP price of good i in terms of good j is just the difference between the left-hand side of (A4) for i and that for j: 
Although goods like food and health involve very different units of measurement (kilograms of food versus the number of visits to the doctor, for example), the above formulation allows meaningful comparisons of their prices to be made.
To further interpret the relative price measure (A4), consider a logarithmic comparison of the relative price of i in countries a and b:
Using approximation (A3), the above can be expressed as
This equation assures us that cross-country comparisons of relative PPP prices are the same as comparing conventional relative prices, at least as an approximation.
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is the asymptotic SE of a given parameter at trial s. In all cases, the underlying variable is the logarithmic ratio of real incomes 100 × .
3.
( )
is the probability that income of country group G exceeds that of H, for G < H, G = 1,…,5, and H = 2,…,6.
FIGURE 8
PROBABILITY OF INCOME DIFFERENCES L'bourg (1) N'lands (11) Finland (21) Slovakia (31) Macedonia (41) Turkey (42) Croatia (32) NZ (22) Canada (12) USA ( 1. Countries are indexed by c = 1,…,42 and ranked in terms of decreasing per capita income. Column 2 gives the relative frequency that country c is richer than country c+x (x 0, the "band width") ≥ , for c 1, ..., 42. = Alternatively, in the 1,000 realisations of
.., 1, 000 , the entry in column 2 corresponding to band width x, is the average of the relative frequencies on the sub diagonal x steps away from the main diagonal once removed.
2. Column 3 gives the relative frequencies of positive values contained in the bands of (s) Q , s = 1, ..., 1, 000 , x steps away from the main diagonal once removed. 
Estimated income difference:
Percentage difference -81% -76% 
